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ASDIR-II PROGRAM DESCRIPTION

INTRODUCTION

This Program Description outlines the structure of ASDIR-II in orderto give the users the essential knowledge required for program implementa-tion, use and modification. Simplified structural and flow diagrams ofthe major programs and short functional descriptions of all programs andsubroutines are given to help describe ASDIR. The level of detail presentcdin this manual is consistent with the availability of reference and docu-mentation material, program difficulty or program impact on overall computa-tional accuracy.

Essentially this manual Ic written in the same order as the callingsequences in ASDIR, with modification only when structural considerationsand clarity dictate.
Please note, this manual is intended as an aid to the user to allowbetter understanding of each program's function and not as a users manual(see ASDIR-Ir, Volunme I - USERS MANUAL).

L
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GENERAL PROGRAM DESCRIPTION

The Aeronautical Systems Division's InfraRed Signature Prediction
Model (ASDIR) is a computer code utilizing the overlay structure shown
in figure 1. These overlays are organized into three major functionally
modularized computational groupings, figure 2: (1) Hot Parts Analysis;
(2) Plume Gas Dynamics; and (3) Signature Prediction. A fourth overlay
element establishes the required data initialization and input/output
operational capabilities.

This volume is organized in the following functional format:

1. ASDIR 2 - Pro.r7an Control
2. Data Initialization & I/O
3. Hot Parts Analysis
4. Plume Gas Dynamics
S. Signature Prediction
6. Program Listing in Overlay Form

I
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PROGRAM: ASDIR 2 (Page A-4)

FUNCTION: This program is the main controlling routine of
ASDIR (the Aeronautical Systems Division InfraRed
Signature Prediction model). ASDIR's prime
ftuiction is to provide a logical sequence of calls
to the functional programs.

INPUT: None

OUTPUT: None

SUBROUTINES: All overlays and data blocks

DESCRIPTION; See figures 1 and 2 and program listing on
page A-4.
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PROGRAM: INPUTf (Page A-43)

7UNCTION: Provide a vehicle by which the ecsired calculation
parxneters, cse de tion and data init ia4.izatlon
can be read into ASDTR.

TNPUT: All control an, comprutational variables in the
CASF namelist.

'=-PL7: Computationaily compatible case and dimensional
data.

SUBROUTINES: None

DESCRIPTION: See ASDIR-IIl Volume, I, User's Guide, for complete
descriDtion of the namelist variables.

10
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PROGRAM: DATINT (Page A-79)

FUNCTION: To initialize the calculation parameters.

INPUT: None

OUTPUT: Initialized calculatioA parameters

SUBROUTINES: None

DESCRIPTION: This program has been written to initialize the
common block data to the default case. See
ASDIR-II, Volume I, User's Guide for default
options. A secondary function of this program
is to allow use of ASDIR on systems in which a
zero core initialization is not available.

14
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PROGRAM: FILTER (Page A-106)

FUNCTION: Provides a means of accessing stomd filter
response dat.t or cn'ttring a filter res~ponse
of t-he user'sF C: OLcý.

T.NPUT; F;ltcr nurmber or fiL~te-r hand widthl rund "esponse.

OUTPUT: Fle epne

SUBROUTINES: ixe

DESCRIPTION: Stored filter responses are in data statements
w'th modiflc.ition possible throughl- nImclis]t FIlU.
Thais programi rise czrn De used to i~n tialize, the
waverinshor calculatilon intervals.



PROGRAM: XPLOT (Page A-109)

FUNCTION: To provide a means of file manipulation for
either punching or printing spatial signature
data.

INPUT: Calculated spatial signature data.

OUTPUT: Punched or printed spatial data.

SUBROUTINES: None

DESCRIPTION: This program requires the use of a punch file
and an addition file TAPE S.

' 13



PROGRAM: Blo-ck Data H20 (Pa•e A-IS)

FUNCTION: Data Rlock for wpi+'r vapor band parameters.

TNPUT: NoTe

.*c'U ROUTTNZ : None

DESCRIPTTON: SeC References I, 2, 31

PROGRAM,: Block Data C01. (Page A-7)

FUNCTION: Data Block for carbon dioxide band parameters,

INPUT: None f

OUTPUT: None

SUBROUTINES: None

DFSCRIPTTON: See References [I, 2, 3

1
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PROGRAM: SIGNIR

FUNCrION: To calculate the hot parts signature and
descriptive parameters required in ASDIR.

INPUT: Engine description, gas properties and case
definition (See ASDIR-II, Volume I, User's Manual).

OIWPUT: Primarily the information which is transferred from
the SIGNIR link to ASDIR is an equivalent black body
area and equivalent black body temperature.

SUBROUTINES: See Figure 3.

DESCRIPTION: With the exception of the modifications required
to adapt SIGNIR to the ASDIR format the hot parts
calculations are performed with the original LTV/
SICNIR-I computer code. This code was chosen
for only one reason; it has proven to be the best
available methodology to predict engine hot metals
signatures regardless of program size, operating cost
or complexity.

The description of the infrared signature prediction
program (SICNIR) is provided by the following
discussions which cover a general description of the
program, the program computational procedure and the
analytical methods utilized in obtaining the solution.

The program SIGNIR is a digital computer program written
for the purpose of providing predictions of the hot
metal infrared emission from aircraft engine exhaust
systems. The program is designed to be applicable to .
axi-sym•metric turbojet, turbofan, or turboshaft engine
exhaust systems. It predicts the spectral intensity
of the radiant energy emitted from exhaust system hot
metal in the wavelength band of from one to 15 microns.
In general, the information required by the program -is
as follows:

Exhaust system physical characteristics
Engine operating conditions
Special surface cooling flow conditions
Exhaust system surface properties

The predictions provided by the progi un for the
combination of a selected maximum of 20 engine off-axis
angles are:

15
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Spectral radiant intensity nonattenuated by the atmosphere
Selected radiant intensity bandwidth stunations nonattenuated
by the atmosphere

Optional exhaust system information which can be requested from the
program is:

Internal fluid flow properties
Surface boundary layer data
Internal and external geometric radiation view factors
Surface temperature distribution
Thrust information

The process of computing the intensity of the infrared energy emitted
from aircraft exha ,st system hot metal requires a knowledge of the
metallic surfaces temperature, emissive properties and their relative
physical pos:itioning within the system. From this information, the radiant
energy emitted and reflected from the exhaust system to a point in space
can be determined. The computational procedure established by this program
for the prediction of exhaust system hot metal infrared radiation is shown
by major subjects in the general block diagram presented on figure 3.

The input data required by the program provides a physical model (nodal
system) of the exhaust system configuration, the properties and conditions
of t'.- exhaust gases entering the system, band width and location relative
to the exhaust system. The program undertakes a one-dimensional, isentropic,
compressible flow analysis which generates the axial distribution of exhaust
gas flow conditions and properties within the system. Where two gas
streamus at different temperatures flow within a single passage, coipound
flow considerations are utilized. The program adjusts the flow at the
nozzle throat to balance with the ambient pressure or a chocked condition
dependent on the system's entrance flow data.

With the internal flow properties defined, a surface boundary layer analysis
is conducted to obtain the coefficients of convection and friction along
each surface within the system. This analysis is primarily dependent on
the surface's axial static pressure distribution and the upstream boundary
layer conditions. An area weighted average coefficient of convection for
each of the model's surface nodes (isothermal regions established by theinput data) is computed for the system thermal analysis. The axial force on
each s;urface, internal to the system, is computed utilizing both the
frictional and pressure-area forces.

Descriptions of the routines associated with SICNIR arc presented in Table
1. Further definitions of the routines can be found in ASDIR-II, Volume
III, Reference Docuxaentation or in Reference [4].

The program SICN1IR, other than a few minor programming changes, remains
as developed by LTV. The only link between SIGNIR and ASDIR-II is Common
Block OUT, containing the following information:

Equivalent Black Body Area, CM2

Equivalent Black Body Temperaturo, deg-K
Viewing Aspect Auigle., degrees off tail

lumber of Aspect Angles

17



TABLE 1

DESCRIPTION OF SIGNIP ROUTINES

ROUTINE
NIME BASIC FUNCTION PAGE

ARCCOS Determines the angle, in radians, correspond-
im.. to a given cosine value. .hne angic will

f l;•'m -ero to Tr/2 radians. A-176

ARRAY Describes in two-,dimensional coordinates the
inner and o,:teT sutrfaces of the f.oew :-:rca.s
using the surface node coordinates. A-38

AVFR Averages the cooling wall temperatures for
the surface nodes along the cooled portion
of the configuration surfaces; prints these
averages. A-I 18

AVERFS Determines the average values of the pwraneters
necessary for force factor (pressure area
and friction forces) calculations for each
surface node along the configuration surfaces. A-160

AVERH. Determines and prints the average heat transfer
coefficient for each surface node along the
configuration surfaces. A-151

AXAREA Determines the cross-sectional area of the
fluid flow streams as a function of the
configuration axial distance. A-126

BODY Determines for the internal view factors, if
the line of sight between points on two nodes
is tangent to a shadowing body. A-186

CALFOR Prints the average force factor for each
surface node and calculates and prints the
total net surface force factor for the
configuration. A-148

CANSEE Checks, for internal view factors, the visi-
bility between two nodes to determine if
shadowing may occur. A-184

CEDIT Selects the convection and conduction heat
paths from input data and forms the conduction
matrix. A- 203

CHECK Checks the data returned from routine BODY
for extraneous solutions. A-188

18



TABLE 1 (Cont)

ROUTINE
NAME BASIC FUNCTION PAGE

CODE Analyzes the results provided by routine
FINDIT to describe the nature of shadowing
between two nodes. A-183

COFLOW Calculates the compressible flow properties
for the flow streams as a function of
pressure. Adjusts the flow for cooling or
ambient pressure at the exit of the
configuration. A-122

COND Reads in those values of heat transfer and
fluid lump temperatures for nodes whose
thermal paths are not connected with the
fluid streams. A-40

CONFLM Calculutes a pressure balance and surface
temperatures for a surface cooled by convec-
tion-film cooling for either counter or
parallel flow. Prints the coolant mass
flow rate and pressure. A-139

CPAGMA Calculates the specific heat at constant
pressure as a function of temperature for
routine HEAT and the specific heat ratio as
a function of Mach number of routines
RIMAIN and HEAT. A-128

CRODEL Computes Kroneker Delta for matrix solutions, A-196

CUBIC Determines the real roots of a third order
equation. A-178

DINVRT Computes the matrix inversion and accompanying
solution for linear equations. A-199

DIS Computes the distance between two given
-ordnaes A-215

FEDIT Selects the radiation view factor data from
the input data and forms the radiation matrix. A-202

FILMCL Calculates a pressure balance and surface
temperatures for a film cooled surface.
Prints the coolant mass flow rate and
pressure. A-134

19



TABLE, I (Cont)

ROUTINE
NIFE BASIC FUNCTION PAGE

FINDIT Locates the axintl positions of two nodes with
respect to the axial jioqit-Or of the confifatra-
tionF surfaces. A-]K

PLOWNO Checks the resulting pressure for surface
.oolinr against the nt-atic pressur, "on"

the coled s;-,ace. Prints a U'am
d•n,'y;-_ J 'ot , o -ca:; ox nu cooling .1 w. A-17"

GATHE" Combines data '-om routines AVXAREA and
COPLOWA to "g-o •c prc•<ssf-.be flow,

properties for iCnn cortLfguration flow

,;Ireams. A- 127

HEAT Calculates the initial conditions necessary
.'or the boundary layer calculations. A-153

HEATTRP Calculates the convection heat transfer
coefficient. A-159

HOTPT Routine to control the calculation of
3urface boundary layers and hea.t transfer
coefficients. A-149

MATFOS Chocks to ensur, th,-,t all the elements for

convection ard radintion matrices are
positia-. A-197 i

MTSYM Completes the matrices for the convection
heat paths and the rdio-ition view factor
area product., A-198

MINT Inverts the "Script F" matrix. A-222

OMDER. Arranges two-dimensional coordinate arrays
into increasing order according to a
selected variable. A-39

PICMAX Determines the maximum value of an array of
up to twenty numbers. A-190

PICMIN Determines -he minimum value of an P.rray of
up to twenty numbers. A-191

PLANCK PLANCK Black uody function. A-219

PLOTl Generates a plot of radiant intensity vs.
wavelength for both the non attenuated and.
the atmospheric attenvatcd radiation data. A-206

ri
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TABLE, 1 (Cont)

ROUTINE
NAME BASIC FUNCTION PAGE

PRNDT1 Calculate the Prandtl number as a function of
termperature for rqutine CONFLM. A-147

PRNDTL Calculates the Pradtl numbor as a function of
temperature for routines TURBLT and RIMAIN. A-129

PSOLN Generates surface cooling flow supply and
discharge characteristics and solves these
simultaneously for calculation of the available
surfacc cooling mass flow rate and pressure. A-120

QUAD Determines the roots of a second order
equation. A-177

REDI Computes the spectral radiant intensity
(watts/Steradian) for each engine off-axis
angle. A-220

REDII Computes and prints geometric view factors
for a detector to the configurations
surface nodes as, a function of engine off-
axis angle. A-210

REMAIN Control routine for the fluid flow, heat
transfer, surface cooling and surface force
factor calculations. Prints the fluid flow
information. A-110

RING Determines the intersection of a shadowing
body with the "cone of vision" that a point
on one node sees another node. A-189

RITE Used to print the heading informUtion for
routine REDII. A-216

RITERI Prints the surface radiation information. A-224

SCRPTF Computes internal radiation interchange
factors for the thermal analyzer. A-204

SETFLO Determines the pressure balance for the
surface cooling routines if a cooling mass
flow rate is specified. A-133, A-138

SHADOW Describes the configuration surfaces used for
shadowing in routine VIEW in a manner compatible
for shadowing surface description of routine
REDII. A-209
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TABLF 1. rCont)

ROUTINE
NAME. B1STC FUNC7hON PAGF

SIGNIR The programs main routine. Controls the
flow throughout the Tt-ire p rcgram, A-32

STORE Temporarily stores information necessary
for rver•"c" l heat ,r''ri ;, icirnt

c. !,cul at-ens. A-125

eTO71-11 Temporarily stores jinformation ,-eceýs :.ry
for force factor cal'ula1tionc. A-124

STRATE Computes solution utilizinR linear inter-
polation routine uned 7i1 descrhbing the
configura ioyn surf ace , atý ' % boondary
laycr calculati o'ns. A-121

.:UMAT1 Summates and prints the 7di4nt intensity
.or selected waverng-sh . A- 2.

TARLEL Computes solution utilizing second order
interpolation of dita and provides the
first derivý'tivc of the intcrýnolated
function.. A-36

TAIL Interface parameter generation and I/O
program control routinc. A-205

TAILi Metal signature calculatien control routing. A-208

TAIL2 I/O and interface parameter calculation
control rotine. A-218

TASIT Controls program flow a.nd data involved ;n
calculating the radiation interchange factor
matrix, conduction i:iatrix, performing the
thermal balance ond print~in, the wall
temperature for c'ach ode, A-193

TESTI Tests the possibility of one node being
shadowed by a -,econd node which has the :'ame
axial location. A-1S0

TEST2 Uetermines whether a point lies between two
other points. A-181

TESTN Computes the last computed value of geometric
view factor with the previously computed
value to dctermine whethrr fhe viw fict,•r

needs to be recýI culatcd uqing finer
divisions of the eodee. Thi5 routiTnc also
sets these divisions. A-192

......
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TABLE 1 (Cant)

ROUTINE
NAME BASIC FUNCTION PAGE

TITLA Controls output printing of the title page. A-41

TRANCL Calculates a pressure balance and wall temp-
eratures for a transpiration cooled surface.
Prints the coolant mass flow rate and
pressure. A-130

TURBLT Calculates and prints the boundary layer and
heat trans:Fer information as a function of
configniration axial distance. A-154

VECANG Calculates the ar.&le of a node relative to
the configuration center line. A-217

VIEW Calculates and print. for each configuration
node, internal geometiic veiw factors. A-162

WRIT14 Transfer% a two-dimensional array into a
single dimensional array. A-201
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The equivalent Black Body Area and Tenerature are extracted from the
data generated by SICTIR. The first step is to determine the
equivalent Black Body- Temperature. Thiv-- is accomplishýed by searching
the gcenerated spectral data for Lhe maxLmt intenaity, figure. 4, and
applying the Wier, Dispi acement Law:

2897.9
TBB

The equivalent Black Body Area is found by dividing the integrated
signature .)btairied from SIGNIR by the Radiant Lx.itance over the band of
interest.

A2  X2

Figure 5 shows a tyvical correlation between the predicted spectral
signature and the sncctral signature of the equivalent black body.
Thesc rs•utant •emperatures and arcas arc the only parrameters transferred
back. to ASJDIR.

11
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PROGRAM: PLMDEF (Page A-81)

FUNCTION: Plune definition and gas data array development.

INPUT: Engine nozzle exit flow properties (velocity, pressure,
temperature, and species [H20, C02] concentrations) as
a ftnction of radius.

OUTPIUf: Plume gas data array. At this point, velocity (ft/sec)
and pressure (atm x 10-3) are multiplexed into common
registers.

SUBROUTINES: FLINT

DESCRIPTION: The gas dynamic calculations made for the plume in this
program, figure 6, are applicable to axisymmetric
turbojet and turbofan engine with mixed or separate
co-annular co-plonar exhaust jets. The finite difference
calculations were developed to express the conservation
(mass, momentun, energy, and species) laws for nunerical
integration by General Electric in their early SCORPIO
work reported in reference [5]. Two effective kinematic
viscosities were retained, one for physical mixing and-
the other for thermal mixing. The conservation laws
were simplified for axisymmetric flcw whereby all
gradients in rotation about the centerline were not to
zero, and all radial components of mom6ntum were
neglected as being small. Second axial derivatives and
axial gradients divided by the radius were also neglected
in momentum. Thermal radiative heat transfer and thermal
generation were also neglected. In the derivation of the
energy conservation and transfer functions the effects of
the second viscosity, the square of axial gradients,
dependence upon radial velocity, and gradients divided by
the radius were minimized. The radial coordinate system
was transformed into a stream function coordinate system
after Von Mises. The transformation functions -nd the
transformed conservation relations to which the finite
difference procedure was applied are as follows:

Stream Function

arpur ; x"-pvr

wherein: T- -r ; -x r
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CONTINUITY:

for the stream function:

32W aT DY T32T @T ayx + -'T - • -ra I.T -
Dxr ar ax a axax r

and after the transformation:

Ti-I~ ~C Y 0vr] mDx purj31TT our)

MOMENTUM:

au _1. afP'ur2, Du) .
aýx 'i Wyi' C- T pudx

ENERGY:

+ T] 2C J + [ Pa. 1, + pd-
p p

DIFFUSION:

{Ij

where:

T - gas static temperature or thermal subscript

u = gas axial velocity

v - gas radial velocityI Prandtl number - cpE/k = 1

Schmidt number - - 1; in which D is the binary
diffusion coefficient

C" effective kinematic viscosity

a, species concentration

29
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Dc

i 4s an assumed radial dependence for the gradient

of the specific heat of a mixture of gases - c /r.P

Other quentities and terms are conventional.

The effective viscosity adopted for ASDIR includes the 1.onaldson and
Gray treatment for the compressible free mixing of two di similar gases
as reported in the ALAA journal, Vol 4, no. ii, in NovewJ-cr 1966 and. as
applied by CGeneral Tilectric in SCOPPIO-lI r51.

Overall, the plum-e model appears to reflec' ihe (-sntial fortures of
rcasured plumc &dta mi thosc regio,ýns w1hee the gas is hot. The regions
where the model tends; to lose accuracy a,'e toward tlic outer edges where

he gas shear appears to be too srali thus allowing the plune to spread
xcessively. However, the plume Lemperatures and '•pecies concentration

are essentially ainbient in value so that the radi•ice ;nd transmittance I
errors are SImll] .

Viscosity Model

The choice of the turbulent viscosity, ,c, is critical to the

plwue flow field. Past models, availabe! in the literature (Schlicting,
ARsramovich, Warren and Applied Science Laboratories), show the turbulent
'viscosity as a function of axcial (distance and velocitic.: in the mixing
"region. Preliminary results for the flow field showed that the analysis
using these models di -not agree with jet engine test data. A modified
temperature dependent model for vi.scosity was formulated to include the
tempcrature effects of hot flow.

The model being used in this analysis is:

- U4/ICNST.(T!/T2 ) 
21]y

where

Y 1 ; Mc < 0.6 A
1y .6/(l + Me) ; Mc > 0.6 J

The value for y is from a paper by D)onaldson and Gray. The
valu, of aiST depenLs on the nozzle exit Mach number (Mc) and the centerline

":mperaturc. (See Page A-85).

Stability and Print Criteria

In order to insure stability, the axial step size, Ax, must be
kept small. It was found that the system betame umnstable when the
influence parameter

cz {Ax.c.ur-p 2 1}/f2-P 2 .T 2 r 2 } > 0.20

7n4
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To achieve a soluiion in a reasonable length of time, the
step size Ax should be as large as possible. Accordingly, czm, the
maximumn value of cz for each axial location is examined. If czm is
too great, Ax is reduced for ensuing calculations. If czm is too
small, Ax is increased for ensuing calculations.

Flow parameters are not entered into the data array at every
value of Ax calculated. The calculation step sizes are too small.
Tabulation occurs whenever the number of Ax increments from the previous
calculation exceeds NBS or the sum of the Ax's exceed Axp. Axp is
incremented after each tabulation such that

AXPN = xPo (O.SN)

Excessive static pressure at the nozzle exit plane is treated in a
pseudo convergent-divergent nozzle mainer which reduces the pressure to
ambient value while accelerating and expanding the plume core to
supersonic velocity over an axial distance of one nozzle diameter.

The program develops a pltme gas data array containing the velocity,
pressure, temperature, C02 concentration, H20 concentration, and radius
for up to 30 radii over an axial span of 49 stations. Te velocity and
pressure are multiplexed to share camuon registers. (See PLM)M for
demultiplexing).

A
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PROGRAM: FLINP (Page A-8 7)

FUNCTION: Prcvide a vehicle by which the required calculation
parametoers, nozzle exit flcv quantities and data
initialization can be read into AS11TR.

INPUT: All control and computational variables in the PLUMIN
nmnel Est t

OUTPUT: Coimputationally compatible cagine' iozzle exit plane
flow quantity data. Nozzle mad ambient data are printed.

SUBROUTINES: CHEM, THRiUT

DESCRIPTION: The flow diagram of Programw FLINP is shown in Figure 7.
The function of this program is to initialize engine
operational input and control quantities. The control
function is derived from the input data. If the engine
operational input qunntities: are not o[ the oroper form,
certain oper.'tions ;and adld•itoial readcs arc invoked to
put the input, Lnto a Wii;i compatible w-ith the PLMDLF
program. Detail,; can bc found in XSDIR-TI, Volume I,
Users Mamual.

In general, if PA is contained in namelist PLUMIN, the
Mil Std 210 standard atmosphere in subroutine TI-MUST is
bypassed. The inference i s that an off- standard or test
facility ambient condition is being simulated and the 7
other ambicnt quantities are required in PLUMN.
Similarly, this programn will bypass the default engine
sample case if a nozzle exit velocitv UR(l) is giveR ¶

greater than I ft per sec or if an ambient velocity UA
is given greater tnan 1.1 ft per :,c. Further, if U8(l)

Sre:,trr 'hsm 1 the volume for T1ST, 1'8, Pt), XC02, KH120
will be accepted as given in PLLvTN. Again, if XC02 has
been omitted or given a small value (c.. .*_ XCC2A), th,
XCO2, )120, R, WW, etc. will be calculated in OQEM
for the fuel type (TAN>",) aend tstoichi-ametric equi:valent
ratio (MQR). Fially, if a gas quantity distribution for
U8, TST, XCO2, and. X420 is given in TIUMIN, they will be
accepted unchanged since the load array key is taken from
a test on U8(2).

3
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PROGRAM: CHEW•M (Page A-91)

FUNCTION: Generate the post combusticn gas description (gas
constant, specific heat and speci -' ic"kcat ratio,
molecular weight, spec'ey; conserv ,t.uon, etc) for a given
fuel type, TANIC, stoich.iometric equivalence ratio, EQR.

TNPUT: T.'l•, TlQR

OUrPUr: Fuel to air rati.o, gas constant, .T-ecific heat, garmac,
CO2 concentration, and II-Is concentration.

SUBROUTINTMS: None

DESCRIPTION: This program calculate.s the gas properties for the
products of combustion with ideal combustion. Since
combustion productb properties vary only slightly with
pressure and tend to chemically freeze near 2500'F in
typical nozzle flow, the precision of this simple college
chemistry approach i;s adequate and the fast calculation

Ii

makes it a wortTWhiile aipproach.

4
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PROGRAM: THRUST (Page A-93)

FLNCTION: Provide a vehicle by which the required calculation
parameters and engine operating quantities can be read
into ASDIR.

INPUT: All control and computational variables in the POWER
namelist.

O(TFPUf: Compi.cazionally compatible engine nozzle exit plane
fl-r, quantities not provided in FLINP input namelist
PLlUIN. Flight condition data is printed.

SUBROUTINES: (CI1N,

DESCRIPTION: The flow diagram of subroutine THRUST is shown in figure
8. The function of this program is to read atmospheric,
engine type, data type code, and engine specific
performance data. The program control functions described
for Program FLINP apply throughout this program.
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PROGRAM: PIMDM (Page A-98)

FUNCTION: To manage the plume gas data. An input control
parameter, KDATA, controls the dispatch of the plume
gas data.

INPUr: Plume gas data and the control code KDATA.

OUTPUT: Plume gas data output to cards, tape, printer, or
printer plot in any combination.

SUBROUrINFS: PUIPLT, PLPRNT

DESCRIPTION: Each digit of the five digit integer KDATA controls an
I/O function. KDATA is represented by the value:

KIATA = A B C D E

If A r- 0, a ntv plume will be calculated. If A = 1*,

an old plume prcviously filed will be brought in and
plume calculations will be bypassed. If A > 1, plume
gas data will be read from input cards.

If B = 1*, the plume gas data array is filed in the
cunputer for later or repeated analysis. If B / 1, the
filing operation is bypassed.

If C = 1*, the plume gas data array is punched into
output cards for later or repeated analysis. If C ý 1,
the punch operation is bypassed.

If D = 1, thu plhnc gas data array is printed in output
by subroutine PLMPRNT. If D y, 1, the print operation is
bypassed.

The subroutmnc PIMPLT is called with the final va],.ie E
in the KIIATA code. The h value has a different pattern
than exhibited by A through D, see PLWLT.

Tn addition to breaking down the code carricd by kdJATA,
this program auds a layer of ambient data all around
the plune data. The ambient data blanket is accessary
to contain the interpolation exercises performed in the
ray tracing calculations. The program then searches the
plume gas data array to locate the tip of the core ond

37



record such other parameters such as pltune length AL, plzne diameter
RfND, plum.u edyic ton:-cnt 'IN0, etc. The minimunm output RB, XC, REND,
and AL is printed.

The PLMDM flow chart iF -hmi ir Fif)re 9.

"*This code reprcsentr a machine dependent operation and may require
.fui ther develo-wnnt f-'r sat ,.:;factor"v operation.

Aw
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Load aiWbi*4 'data -blaik~t-

Soihd&Ut for XC, FWNA, etc

if (B-1 wrte TV 8

Lif (C Punqh p190e g~s dBata array

Call PLM'LT,

PiVIM 9. RLIM*4 Flow Diagrmm
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PROGRAM: PLMPRNT (See Page A-100)

FUNCTION: Print the contents of the plume gas data array on
the output printer.

INPUr: The plume gas data array

OUTPUT: The plume gas data

SUBROUrINE: None

DESCRIPTION: Print the plume gas data array. The plume gas data is
printed in the 'ollowLng sequence:

- general caption
- plume station nunber and location
- centerline and edge Mach numbers
- radlius, velocity, pressure, temp•erature, and C02

and H20 concentration

Units are printed in the captions. The quantities printed
are all self explanatory except the edge Mach number.
The edge Rich number is that value at the outer edge of
Ihe innermost shear plane. This quantity will tend to
oscilate due to the stepping and clipping process which
occurs in the finite differencing procedure.

A
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PROGRAM: PIMPLT (See Page A-101)

FUNCTION: Plot selected plume gas data quantities on the
output printer.

INPUT: The plume gas data array and the final digit of the
KDATA control code.

OUTPUr: Selected arguments of the plume gas data plotted on
the output printer.

SUBROUTINES: None

DESCRIPTION: The output printer has 136 characters horizontally and
more than 60 lines vertically. The grid represented
by lines and characters are assigned one of the letters
in the word plume (P L U M E) with the addition of #
to permit the plotting of six ranges. A space is
assigned the first character portion after a change in
range. The nozzle exit plane value establishes the
separator between # for values greater than the nozzle
exit value and P for values between 80% and 100% of the
nozzle exit value. Values in the 60% to 80% range are
assigned L. Values between 40% and 60% are assigned
U, etc. Each line represents a radius, and the
interstation distance accumulates a number of characters.
With two way interpolation a printer line is compiled
and printed. After the data has been plotted, the axial
scale is compiled and printed.

The code designating the plume gas data to be plotted is I
provided by the single digit value remaining in KDATA
after having been stripped in program PIM)M. Up to
four plots can be generated. In their plotting sequence,
they are temperature, X02 concentration, H20 concentration,
and plume velocity. The appropriate captions are
included. All four data argmv•ents are plotted ;if 1%,11 'e

value of KIATA is given as 0. If E = 1, no plots are
printed. If E = 2, the last three are printed, if E = 3,
the last two are printed, if E = 4, the last plot only
is printed, and if E is greater than 4, the program will
fail. For the general breakdown of KDATA, see program
PIU4M.

The finn]l activity accomplished in program PLMPLT is the
de-multiplexing of the velocity and pressure. The
pressure is brought up from the back of each velocity-
pressure register and replaces the velocity. The

L .velocity is no longer retained in the plume gas data
array.
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PROCGAM: ALPLMI (See Page A-47)

FUNCTION: Calculate total apparent spectral radiance of
exhaust plume and hot engine parts as received by
an observer with plune and atmospheric cudssions and
attenuation, including backgroimCd contributions
consideret.

INPUT: Flight conditions, engine hot imarts and plume

paramncters.

OUTPUT: Engine/Plume IR Signature

SUBROUTINES: RAYCAL, PLUAY, PLUSIG A

DESCRIPTION: The flw diagram of program ALPLUM is shown in figure
10. The prime ftuiction of this routine is to be the
controlling programn to allow calculation of aircraft
infrared signatures. Description of the working
programs controlled by ALPLUM are contained under the
individual progran title-,.

A
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PROGRAM: RAYCAL (Page A-S0)

PFNCTION: To segment pluLne into discrete areas for signature
analysis in other routines.

INPUIT: 1'lume and engine geomctry.

OUTPUT: Array of pltne segment parameters.

SUBROUTINES: None

DESCRIPTION: PAYCAL, being basically geometric, is a relativelyjy
simple program. However, shice signature prediction
accuracy is der~endeni upon the geometric representation
of the engine nozzle aid the plume, graphical detail
will be presented for this routine.

The engine nozzle and plume are characterized as a series
of planar areai segments each representing the termination
of a ray or beam of radiated energy. Each segment
represents either free (background) space or a black
surface. The cross-s( ý-tional shape and area of each ray
is defined by the Ilp.iientation scheme and is constant
along the ray centerline. 'The segmentation scheme takes
full advantage of synmntry as described with reference
to the six accoipmpying figures.

Rectangular coordinates provide, figure 11, the frame- 4
work for the ray definition. The X axis represents the
engine nozzle centerline. The D axis, in the nozzle
exit and perpendicular to the centerline X,. is free to
rotate about X ,o that the plane D-X will contain the
centerline ray. The lateral axis, Z, is normal to both
D and X. The angle of view, known as the aspect angle
or A9PDU'G, A8, is measured from the centerline X and
lies in the D-X plane as qhuw., in figure 12.

Dimensions on D represent the normal intercept of
the ray centerline on plane D-Z from the Z axis.

Dimensions on Z represent the lateral intercept of
the ray centerline on plane r)-Z from the D axis.

Dimensions on X represent the axial intercept of the
ray centerline on plane X-Z from the Z axis.

The simplified plune geometry adopted for use in this
program is shown in figure 13. The plume is analyzed in
three independent hut adioininR regions:



Ti;

(1) The plune core is segmented in the X-Z plane into a
number of radial and angular segments shown in figure 14.
Segmentation begins at the extremity of the nozzle exit
projection on the X-Z plane and continues to the extremity of
the core.

(2) The plume skirt is segmented in the X-Z plane into a
number of radial and angular segments shown in figure 15.
Segmentation begins at the extremity of the core and continues
to the extiemity of the plume.

(3) Mhe engine nozzle is seg-mented in the D-Z plane into a
number of radial and angular segments shown in figure 16.

Each planar segment so generated also defines a ray segment. The D-Z
or D-X ray segment centerline intercept is centrally located, see
asterisks, in each planar segment. Further, each segment is considered
to be the ray segments own projection on the D-Z and D-X planes from
which the ray segment cross section area, RAR, is calculated.

The ray segments are generated on the first call to RAYCAL. Successive
calls simply transfer previously generated data.

45
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PROGRAM: PLURAY (Page A-54)

FLNCrION: Generate the parameters describing the ray which
are required in the signature analysis routines.

INPUT: Ray starting geometry, plume gas parameters.

OUTPUr: Ray geometry, gas partial pressures and gas static

temperature arrays.

SUBROUTINES: INTERP, START

DESCRIPTION: By referencing the plume gas data and tic ray
definition parameters, this routine fills the pressure,
temperature, and length array with the proper data for
ray signature analysis, see figure 17.

I
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Fipure 17. PLURAY Flow Diagydm
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PROGRAM: START (Page A- 57)

FUNCrICN: To calculate the starting and ending points of
a ray through the plume.

INPUr: Plune geometry, ray intersections

OlrPUF: Starting and ending dimensions of ray

SblROUTINES: None

DESCRIPTICN: The starting and ending points are banded by
engine geometry, engine plug geometry and flow
field boundaries.

53
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PROGRAM, INTFRP (Page A-61)

FLNCrION: Interpolate on gas parameters to find values at a
given point 1 lin the Otlule.

TNPUIT: Cas parameters and coordinates of point in pluine.

OUrPUr: Concentration and temperature at i.nput point.

SUBROUrINES: Norn

DF.SCRTPTION: This program initerpolates between stations along the
centerline of the plune and along the radial dimension
of the plurnc to find the static temperature, mole
concentrations ol water vapor and carbon dioxide and
gas pressure at the input coordinate.

V
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PROGRAM: PLtJIG (Page A-63)

FUNCTION: Evaluate the spectral signature and transmittance
of a nonumiform gaseous path of NT segments.

INPUT: Ray properties (temp, pressures and lengths), and
frequency interval.

OLTEPUr: Spectral signature of gaseous ray and spectral
transmittance of ray.

SUBROUTINES: ATM3S, KBCAL, PLANCK, INrERPO, SE1TAU, TAUCAL,
TAUN20, ERF, DAH20, DC02

DESCRIPTION: The flow diagram for PLUSIG is shown in figure 18.
The prime function of this program is to calculate
the spectral signatures of nonuniform gas paths with
various end conditions. The gaseous ray is divided
into NT nonuiiform segments with each segment defined
by the partial pressures of H20 (F¶i), CO (PCi) and
broadening -as (PN), length (Di) and stafic
temperaturetT.). I brief discussion of spectral

radiators foliows:

Continutin radiation is obtained from liquids and
solids because the molecules of the substance are in
diiect contact and exert forces on each other causing
all levels of molecular emissions to occur. However,
in the case of gas molecules, the intermolecular
spacing is large and the free molecular vibrations
and rotations result in discrete spectral emissions.

The intensity of these discrete gaseous emissior~s
obeys the PLANCK radiation law as modified by Kirchoff's
law. However, the emissivity of the gas is spectrally
dependent and radiation is emitted or absorbed only in
narrow wavelength intervals called spectral lines.
These spectral lines are clustered into tightly spaced'
sets called bands. The emissivity of the gas is zero
outside these bands and dependent upon line spacing
and intensity within the bands.

The inhomogeneous gas band-model expressions used
in this program were developed at the University of
Michigan and are based on the Curtis-Godson
approximation. Rather than attempting to fully explain
the excellent wnrk perfonied at the University of
MiiIgan Infrart, and Optics Laboratory (now ERII0 in
the j ý'eas of gaseous emission and absorptions, see
references [5, 6, 7, 8, 9, 10]7
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A simplified discussion of the function of the program PLUSIG
follows: A ray of NT segments, NA of which are atmospheric, of
cross sectional area A is entered into the program, figure 19.
Each of the NT-NA segments, representing the exhaust plume gas, are
described by the gaseous partial pressures, temperatures, and
lengths. The atmospheric segments are front loaded in the ray array
through the use of the subroutine ATMWC and the range between, and
altitudes of the observer and vehicle. The transmissions of each
ray segment are calculated in PLUSIG using subroutines KBCAL,
INTLTiPO, SE=TAU, TAUCAL, TAUN20, ERF and data contained in Data
Blocks flAH20 and DC02.

Figure 19 depicts the inforlation available for a given
frequency interval after the exercise of the transmittance
calculation subroutines. The signature of the ray is found from

NT

where L ier Y L= ev 1 v
e~ray im1 CI I

where Le is the PLANCK function and a is the absorptance when

i

The total transmittance, r, for the gaseous path containing NTI
elements is extractable,

NT
T R fT~

ray i--

Thus the spectral transmittance can be used to detenrine the
plume and atmospheric attenuation of a black surface at the
tenrinus of the ray, figure 20.
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Figure 19. Ray Uieotry

Observer

B1I1c Surface at TBB

Figure 20. Paiy Geometry with Tenninating Black Sitrface,
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PROGRAM: ATMOS (Page A-69)

FUNCICIN: Generate temperatures and partial pressures along
an atmospheric path of NA elements and front load
the ray pressure and temperature array with the
atmospheric data.

INPUf: Range, altitude of plume and observer, number of

atmospheric segments

OUT'PUT: H2 0, CO2 and N2 Pressures

SUBROWIN1ES: None

DESCRIPTION: Given the geometry of figure 21, the altitude at
point r is generated and the temperature and
pressures are fotud from the empirical curve fits
used in the computer code. References [8, 11, 12,
13].
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ALTPLM REP

ALTOBS; + PiE

hI

'F$gur"e 21. Geometry used in Atnospheric Model
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PROGRAM: SETTAU (Page A-70)

FIUNCTION: Insert pressure broadening effect of broadening

gas by modifying effective gas pressures.

INPUT: H2 0 or CO2 and N2 gas pressures

OUTPUT: Modified gas pressures (H20-N2 and C02-N2 mixtures)

SUBROUTINE: None

DESCRIPTICN: References [6, 7, 8, 9, 10]
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PROQMAM: TAUCNT- (Pai,,zc A-- 711)

pFUNJIHN: Calculate the gaseous5 tranismittance in a given

frequency in-ter"Il.

INPUT: Pressures, temperatures, grsparameters (Y F(i

C'JTPUI': Gaseous Tramnsmttances, T(v)

SUBROU NNES: IMT-RPO

DESCRIPT ION: Calculate transmittance of gaseous substance over a
given frequency7 Jinter-Vl uigoverlarpping, line
appro)xijntat ions.

-1(V) = exp[-00tfl

Where ý, is the effective value of (3and f is the
Lidoeiburg.-Ilei che fwuict ion. ReferenIces [6. 101.
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PROGRAM: KBCAL (Page A-73)

FUNCrION: To look-up and interpolate on the band model
parameters for a given frequency.

INPUT: Frequency, gas type

OUIPUr: K, (, temp and number of temperatures

SUBROULINES: None

DESCRIPTION: The average line width to spacing ratio multiplied
by 1/2 7 called (, and the average line strength to
spacing ratio called K are generated in this
subroutine. These parameters are found at a given
input frequency for H20 and CO2 over tht temperati 'e
range from 3000K to 30000K.
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PROGRAM: Fuizction P.LANCK (Page( A- 75)

FUNCTION: Calculate PMANCK' s blackbody function

INPUT: 'FreJuency (CMf-b tompcr-ature- ('K).

OUTPUT:. Watts /Stc raclimi/cn3

SUBROM~NES: None

DFS'CRIPTION: From the classical expression for the( radiant
cinittanice into a Lvnbort~ian hemi splerv

where
x hv/KT

theo SPc~tral radiant sterance f[or a given f-requency
and temperature can he found

L 2h; V 3 / (OXp (X)-
ev

See Reference [141.
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PROGRAM: Function INTERPO (Page A-76)

FULCrIoN: Interpolate over the N dimensional set (X, Y) to
find the value at a given point (ARG).

INPUr: X, Y, N, ARG

OufPuI: INTERPO

SUBROUTINES: None

DESCRIPTICa: See Patge A-76.
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IRCOGAM:, TAIJX'2C (Ttwv A- 77'

?Nr-710N: Calculntc trimsntm c of N'20 in the !twocshrne

TPTI'Frequency, atnccr.,heric ",J'C

OUTIJF Tranismittanmce of NC)O in. atmospherec-.

)77Z3CRIT17ION: See Page A-77.



PROGRAM: Function ERF (Page A-78)

FMICrICN: To evaluate the error function, erf(x).

INPUT: X

OUrPUT: ERF (x)

SUIROUIINES: None

DESCRIPTIC'N: Evaluat~s the error function.

x
ýerr(x) 2/r¢• exp(-tl)dt

0
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APPENDIX

This appendix contains a listing of the Aeronautical Systems Division's
Infrared Signature Predicting Model (ASDIR). The computer code was
developed in the structural form shown in figure 22. The overlays are
organized in three major functional groupings with a fourth overlay
dedicated to data initialization. The prime functions of each overlay
are:

Overlay

(0,0) Program Control

(1,0) Data Input & Initializatioa

(2,0) Plume Signature Calcuiations

(3,0) Data Initialization

(4,0) Plume Gas Dynamics

(5,0) Plume Data 1/O0

(6,0) Spectral Filter Data Initialization

(7,0) Spatial Output

(11,0) Hot Parts Temperature Calculation

(12,0) View Factor Calculations

(13,0) Hot Part Radiation Calculations

(14,0) Not Part Data ConLrol

4,
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